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(54) Inspection apparatus and method for detecting defects 

(57) A defect inspecting apparatus for inspecting a 
defect on an object to be inspected on the basis of com- 
parison between a pattern at a first position and a pat- 
tern at a second position on the object to be inspected 
having repeated patterns. The apparatus includes: an 
imaging optical system having an image pick-up ele- 
ment for picking up an image of a substantially entire 
region or a divided region of the surface of the object to 
be inspected; a moving system for relatively moving the 
imaging optical system with respect to the object to be 
inspected; a movement controlling system for control- 
ling the moving system such that a positional relation- 
ship of the pattern at the first position with respect to 
pixels of the image pick-up element is made substan- 
tially identical to a positional relationship of the pattern 
at the second position after movement thereof with 
respect to the pixels of the image pick-up element; and 
a defect detecting system for detecting a defect on the 
basis of comparison of data on two images picked up by 
the image pick-up element before and after the move- 
ment. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to a defect 
inspecting apparatus and a defect inspecting method for 
inspecting a defect on the surface of an object to be 
inspected, such as a semiconductor wafer, a liquid-crys- 
tal glass substrate, and the like. 

2. DESCRIPTION OF RELATED ART 

[0002] In general, the process of manufacturing sem- 
iconductor wafers (hereafter simply referred to as 
wafers), liquid-crystal glass substrates, and the like 
includes the so-called macroscopic inspection for mac- 
roscopicaliy inspecting defects, such as flaws and dust 
on wafer surfaces, faulty application of a resist, and 
faulty exposure. For example, as the macroscopic 
inspection of the wafers, the visual inspection is con- 
ducted by an operator mainly according to the following 
two methods. 

[0003] In one method, intensive illumination light is 
applied to the wafer surface, and dark f ield observation 
is effected while tilting or rotating the wafer at various 
angles. If there is a defect, the defect is observed as 
being a difference in brightness or color when the incli- 
nation or the angle meets a certain condition. 
[0004] In a second method, diffusing illumination, in 
particular, regularly reflected light is used to effect bright 
field observation, ff there is a defect, the defect is 
observed as being a slight difference in brightness or 
color. 

[0005] This visual microscopic inspection, however, 
requires the operator to be near the wafer, and therefore 
may cause contamination of the wafer. That is, it is diffi- 
cult to maintain the degree of cleanliness and the 
improved quality of the wafer. Further, this visual macro- 
scopic inspection depends on the skill of the operators, 
and the_see operator fails to detect the same defect as 
the case may be. That is, there is a drawback in ensur- 
ing stable quality, and large expense and time are 
required in educating personnel and keeping the skilled 
operator. Accordingly, there has been a demand toward 
automated macroscopic inspection. 
[0006] As the automated macroscopic inspection, 
such a method is conceivable that an object to be 
inspected, such as a wafer, is imaged by an imaging 
device such as a CCD. and image data thereof is sub- 
jected to image processing so as to digitally extract a 
defect. However, the imaging instead of the visual 
observation by the operator encounters the following 
problems. 

[0007] Since the inspection under dark field observa- 
tion is effected using diffracted light, in angle of obser- 
vation at which a defect can be confirmed varies 



depending on type of the object to the inspected, so that 
a mechanism for adjusting the observation angle is 
required. 

[0008] The inspection under the bright field observa- 

5 tion utilizes regularly reflected light, but depending on 
the size of the region of a diffuse illumination plate, the 
inspection is adversely affected by the phenomenon of 
a magic mirror due to the warp of the object to be 
inspected and by the action of diffraction. Hence, the 

io imaging conditions change, so that a phantom defect 
occurs even if the object to be inspected has no defect. 
[0009] ■ If a wafer having repeated patterns is normally 
imaged by the imaging device, moire occurs due to the 
interaction between the pitch of the pixels of the imaging 

is device and the pitch of the patterns, and constitutes a 
factor of false defects. Although it is conceivable to 
adopt a countermeasure for suppressing the generation 
of moire by using a zoom lens, it is impossible to com- 
pletely eliminate the moire since the vertical and hori- 

20 zontal pitches of the chip patterns and the vertical and 
horizontal pitches of the pixels of the CCD generally dif- 
fer from each other. 

[001 0] Furthermore, as a method of detecting a defect 
from repeated patterns, such as chips formed on the 

25 wafer, the pattern matching method is known in which 
the presence or absence of a defect is detected on the 
basts of comparison between two adjacent patterns. 
[0011] However, if the two patterns are merely com- 
pared, the detected defect, which is on one pattern, is 

30 recognized as defect information an both the two com- 
pared patterns, and it is impossible to specify which one 
of the patterns has the detect, ff there is only one defect 
in a repeated pattern, the defect can be specified simply 
by comparing the pattern with a further adjacent pat- 

35 tern. However, rf defects are present continuously or if 
the number of defects becomes numerous, it is difficult 
to specify the pattern or patterns where the defects are 
present. Particularly in cases where the defects geo- 
metrically overlap with each other, the determination as 

40 to which detects belong to which patterns becomes 
complicated. 

SUMMARY OF THE INVENTION 

45 [001 2] In view of the above-described circumstances, 
it is an object of the present invention to provide a defect 
inspecting apparatus, which is simple in mechanism 
and which is capable of performing highly reliable defect 
inspection by eliminating the adverse effects caused 

so due to the warp of the object to be inspected and the dif- 
fracted light 

[0013] Another object of the present invention is to 
provide a defect inspecting apparatus, which is capable 
of obtaining defect information by eliminating the 
55 adverse effect of moire, thereby making it possible to 
automate highly reliable macroscopic inspection. 
[0014] Still another object of the present invention is 
to provide a defect inspecting method, which is capable 



2 



. <EP 093O496A2_l_> 



3 



EP 0 930 498 A2 



4 



of efficiently specifying defective portions even if defects 
are continuously present and the same defects are 
present. 

[001 5] The present invention provides the foltawings; 

5 

(1) An apparatus for inspecting a defect on an 
object having repeated patterns on the basis of 
comparison between a pattern at a first position on 
the object and another pattern at a second position 

on the object, the apparatus comprising: 10 

an imaging optical system having an image 
pick-up element for obtaining an image of sub- 
stantially overall surface or a divided surface of 
the object to be inspected; '5 
moving means for relatively moving the object 
with respect to the imaging optical system; 
movement controlling means for controlling the 
moving means so that a positional relationship 
of the pattern at the first position with respect to 20 
pixels of the image pick-up element before 
movement is substantially identical to a posi- 
tional relationship of the pattern at the second 
position with respect to pixels at the image 
pick-up element after the movement; and 2s 
defect detecting means for detecting a defect 
on the basis of comparison between at least 
two image data obtained by the image pick-up 
element before and after the movement con- 
trolled by the movement controlling means. 30 

(2) The apparatus according to (1). wherein the 
movement controlling means controls the moving 
means to provide the movement of an amount 
which is an integer multiple of a pitch defined in the 35 
repeated patterns. 

(3) The apparatus according to (1), wherein the 
movement controlling means controls the moving 
means on the basis of the number of the pixels with 
respect to a pitch defined in the repeated patterns. 40 

(4) The apparatus according to (1), wherein the 
defect detecting means subjects the pattern at the 
first position before the movement and the pattern 
at the second position after the movement to a dif- 
ference processing on the basis of the two image 45 
data, thereby detecting the defect. 

(5) The apparatus according to (1). further compris- 
ing: 

an illumination optical system for illuminating so 
the object with substantially parallel rays of 
light, the illumination optical system including: 

a bright field observation optical system 
arranged to provide regularly reflected light 55 
from the object to the imaging optical sys- 
tem; and 

a dark field observation optical system 



arranged to provide dispersed reflected 
light from the object to the imaging optical 
system. 

(6) The apparatus according to (1), further compris- 
ing: 

an illumination optical system for emitting dif- 
fused light having substantially uniform lumi- 
nance from a illuminating surface to illuminate 
the object, the illuminating surface having a 
size determined on the basis of degree of 
potential warp estimated to exist in the surface 
of the object to be inspected, 
wherein the image pick-up element obtains the 
image of the object on the basis of light regu- 
larly reflected from the object under illumina- 
tion of the diffused light emitted by the 
illumination optical system. 

(7) The apparatus according to (6). wherein the size 
of the illuminating surface is selected so that a vis- 
ual field angle formed when the illuminating surface 
is viewed from the object is smaller than a minimum 
diffraction angle caused due to the patterns: 

(8) The apparatus according to (6). wherein the size 
of the illuminating surface is selected so that the 
quantity of diffracted light caused due to the pat- 
terns and received by the image pick-up element 
falls within a predetermined rate with respect to the 
quantity of regularly reflected light received by the 
image pick-up element. 

(9) The apparatus according to (6). wherein the size 
of the illuminating surface is selected so that the 
quantity of regularly reflected light incident upon the 
image pick-up element is made substantially identi- 
cal regardless of the presence of warp estimated to 
potentially exist in the object 

(10) The apparatus according to (6), wherein the 
size of the illuminating surface is selected so that a 
visual field angle formed when the illuminating sur- 
face is viewed from the object is smaller than a pre- 
determined angle to detect a defect having light 
dispersing characteristic on the basis of regularly 
reflected light from the object. 

(11) The apparatus according to (6), wherein the 
illumination optical system includes a convex lens 
for converting diffracted light from the illuminating 
surface into substantially parallel rays of light or into 
converging rays of light 

(12) The apparatus according to (6). wherein the 
imaging optical system includes a convex lens for 
converting reflected light from the object into sub- 
stantially parallel rays of light or into converging 
rays of light. 

(13) The apparatus according to (6). wherein a con- 
vex lens for converting diffracted light from the illu- 
minating surface into substantially parallel rays of 
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light and converting reflected light from the object 
into converging rays of light is arranged on a com- 
mon optical path between the illumination optical 
system and the imaging optical system. 

(14) The apparatus according to (1). wherein the s 
defect detecting means includes: 

first defect detecting means for detecting a 
defect on an object to be inspected on the 
basis of two image data obtained before and io 
after the movement by the moving means; 
storing means for storing, as a standard image, 
image data of an object that is judged to be 
non-defective by the first defect detecting 
means; and is 
second defect detecting means tor detecting a 
defect on another object on the basis of com- 
parison between image data that is obtained 
from the other object positioned so that pat- 
terns to be picked up establish a predeter- 20 
mined positional relationship with respect to 
the imaging optical system, and image data of 
the standard image stored in the storing 
means. 

25 

(15) The apparatus according to (1). wherein the 
defect detecting means includes: 

a memory storing a program for executing 
defect detection on an object to be inspected; 30 
and 

processing means for executing defect detec- 
tion on an object to be inspected in accordance 
with the program, the program comprising: 
a first step of obtaining differential data S(n) by 35 
subjecting the pattern P(n) at the first position 
and the adjacent pattern P(n + m) at the sec- 
ond position to difference processing where n 
is 1, 2, 3, ... that is an arraying coordinate in 
which an arraying interval is set as an unit, and 40 
mis1 or-1; 

a second step of setting a value of K that is the 
number of pieces of patterns in which the sub- 
stantially same defects can continue at most in 
the object; 45 
a third step of detecting, from the differential 
data S(n) obtained by the first step, K pieces or 
more pieces of non-defective continuous pat- 
terns; and 

a fourth step of specifying a defect on the pat- so 
tern P(n) on the basis of comparison between 
the differential data S(n), the pattern P(n) and 
the pattern P(n -1- m) using, as a reference, the 
K pieces or more pieces of the non-defective 
continuous patterns detected by the third step. 55 

(16) The apparatus according to (15), wherein the 
fourth step includes: 



specifying a defect on the pattern P(n) on the 
basis of defective data of the differential data 
S(n) initially obtained through search in a plus 
or a minus direction from coordinates of the 
non-defective continuous patterns detected by 
the third step, the search being conducted 
using the non-defective continuous patterns 
detected by the third step as a reference; and 
consecutively specifying a defect on the pat- 
tern P(n) by addition or subtraction of specified 
defective data of the pattern P(n) and drfferen- 
. tial data S(n). 

(17) The method according to (15), wherein if the 
differential data S(n) in the first step is defined as 
S(n) o P(n) - P(n + 1) , then the fourth step 
includes, 

specifying defective data of the pattern P(n + 1) 
by inverting defective data in differential data 
S(n) that is initially detected through search in a 
plus direction of coordinates using the K pieces 
or more pieces of non-defective continuous 
patterns detected by the third step as a refer- 
ence; 

adding +1 to the coordinate of differential data 
S(n) to provide an updated coordinate, and 
subtracting specified defective data at the 
updated coordinate from differential data S(n) 
at the updated coordinate and inverting sub- 
tracted result, thereby consecutively specifying 
defective data in the plus direction using the 
non-defective continuous patters as a refer- 
ence; 

specifying defective data of the pattern P(n) by 
using defective data in differential data S(n) 
that is initially detected through search in a 
minus direction of coordinates using the K 
pieces or more pieces of non-defective contin- 
uous patterns detected by the third step as a 
reference; and 

adding -1 to the coordinate of differential data 
S(n) to provide an updated coordinate, and 
adding specified defective data at the previous 
coordinate to differential data S(n) at the 
updated coordinate, thereby consecutively 
specifying defective data in the minus direction 
using the non-defective continuous patters as a 
reference. 

[0016] The present disclosure relates to the subject 
matter contained in Japanese patent application Nos. 
Hei. 9-369221 (filed on December 26. 1997). 9-369222 
(filed on December 26. 1997) and 10-191302 (filed on 
July 7. 1998). which are expressly incorporated herein 
by reference in their entireties. 
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RRIEF DESCRIPTION OF THE DRAWINGS 
[001 7] In the accompanying drawings: 

Fig. 1 is a schematic diagram of an apparatus in 
accordance with a first embodiment; 
Figs. 2(a) to 2(e) are diagrams for explaining a 
method of correctly detecting a defect by eliminat- 
ing the occurrence of a phantom defect such that 
the relationships between patterns and pixels 
before and after movement of a wafer conform to 
each other; 

Figs. 3(a) and 3(b) are diagrams showing an exam- 
ple of patterns having a defects, for explaining how 
a pattern which has a defect detected by pattern 
matching is specified; 

Fig. 4 is a flowchart for explaining how a pattern 
which has a defect detected by pattern matching is 
specified; 

Fig. 5 is a flowchart for explaining how a pattern 
which has a defect detected by pattern matching is 
specified; 

Fig. 6 is a schematic diagram of the apparatus in 
accordance with a second embodiment; 
Fig. 7 is a dagram for explaining the size of an illu- 
minating surface required to avoid the adverse 
effect of the phenomenon of a magic mirror; and 
Fig. 8 is a dagram for explaining the size of an illu- 
minating surface required to avoid the adverse 
effect of diffracted light. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
< First Embodiment) 

[001 8] Referring now to the accompanying drawings, 
a description will be given of an embodiment of the 
present invention. Fig. 1 is a schematic diagram of an 
apparatus in accordance with a first embodiment. 
[0019] Relerence numeral 1 denotes an optical sys- 
tem for bright field observation, which includes: an illu- 
minant 2 for bright field illumination, such as a halogen 
lamp; a condenser lens 3; a diaphragm 4; a half mirror 
5 for deflecting the illuminating light to be coaxial with 
the optical axis of an imaging optical system 20 
(described later); and a collimator lens 6 having a diam- 
eter larger than that of a wafer 8 which is an object to be 
inspected. After the light emitted from the illuminant 2 
passes through the condenser lens 3 and the dia- 
phragm 4, the light is reflected by the half mirror 5, con- 
verted to substantially parallel rays of light by the 
collimator lens 6, and then projected vertically onto the 
substantially entire area of the wafer 8 placed on an X- 
Y stage 7. 

[0020] Reference numeral 1 0 denotes an optical sys- 
tem for dark field observation, which includes an illumi- 
nant 11 for dark field illumination, such as a halogen 
lamp, and a lens 12. The illuminant 1 1 is disposed in the 



vicinity of the front-side focal point of the tens 12, and 
the light emitted from the illuminant 1 1 is converted to 
substantially parallel rays of light by the lens 12, and 
projected onto the substantially entire area of the water 

5 8 at an acute angle. 

[0021] Reference numeral 20 denotes an imaging 
optical system, which includes a CCD camera 21, an 
image-forming lens 22, a diaphragm 23, and the half 
mirror 5 and the collimator lens 6 which are used in 

w common with the optical system 1 for bright f ield obser- 
vation. The diaphragm 23 is disposed in the vicinity of 
the focal point of the collimator lens 6, and the image- 
forming lens 22 is disposed in the vicinity of the dia- 
phragm 23. The CCD camera 21 preferably has high 

is resolution to inspect small-geography chip patterns. 
The imaging surface of the CCD camera 21 is disposed 
at a slightly defocused position so as to facilitate the 
evaluation of a defect level which changes due to the 
occurrence of moire. 

20 [0022] The regularly reflected light from the wafer 8 
illuminated by the optical system 1 for bright field obser- 
vation is collimated by the collimator lens 6, transmitted 
through the half mirror 5 and the diaphragm 23. and 
made incident upon the image-forming lens 22, so that 

25 an image of the substantially entire surface of the wafer 
8 is formed on the imaging surface of the CCD camera 
21 by the image-forming lens 22 (the object to be 
inspected may be partially or dividingly imaged). That is. 
the CCD camera 21 obtains a bright field image of the 

30 wafer 8 by illumination by the bright field observation 
optical system 1 . The dispersed reflected light from the 
wafer 8 illuminated by the dark field observation optical 
system 10 is transmitted along the similar optical path, 
and captured by the imaging surface of the CCD cam- 

35 era 21 . Thus, the CCD camera 21 obtains a dark field 
image of the substantially entire surface of the wafer 8. 
[0023] Reference numeral 30 denotes an image proc- 
essor which, after subjecting the image from the CCD 
camera 21 to predetermined processing such as A/D 

40 conversion and fetching the same, performs necessary 
preprocessing such as noise elimination, shading cor- 
rection, and sensitivity correction of the CCD camera 
21, and. then performs defect detection. The image 
processor 30 may effect the preprocessing while fetch- 

45 ing the image from the CCD camera 21. Reference 
numeral 31 denotes a display which displays the image 
fetched into the image processor 30 or the like. Refer- 
ence numeral 32 denotes a driving device for driving the 
X-Y stage 7, and numeral 35 denotes a transporting 

so device for delivery of the wafers between an uniltus- 
trated carrier, in which the wafers are accommodated, 
and the X-Y stage 7. Reference numeral 33 denotes a 
controller for controlling the various devices and the illu- 
minants 2 and 11. and numeral 34 denotes an input 

55 device, such as a keyboard, connected to the controller 
33. 

[0024] A description will be given of the operation in 
the above-described apparatus. First, the wafer 8, 
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which is the object to be inspected, is transported by the 
transporting device 35 to be placed on the X-Y stage 7. 
By using as a reference an ortentational flat detected by 
an unillustrated cnentational flat detecting mechanism, 
the wafer 8 is placed such that the direction in which pix- 5 
els of the CCD camera 21 are arrayed and the direction 
in which chips formed on the wafer 8 are arrayed coin- 
cide with each other. 

[0025] When the placement Of the wafer 8 is com- 
pleted, inspection is started. The controller 33 turns on 10 
the illuminant 2 to illuminate the wafer 8 by the bright 
field illumination tight The CCD camera 21 picks up an 
image based on the regularly reflected light under this 
illumination. The image data from the CCD camera 21 is 
fetched into the image processor 30, and data on a first 
image under the bright field illumination is recorded. 
[0026] Subsequently, the controller 33 turns off the 
illuminant 2 and turns on the illuminant 1 1 so as to illu- 
minate the wafer 8 by the dark field illumination light. 
The irregularly reflected light from the wafer 8 is incident 
upon the CCD camera 21, image data from the CCD 
camera 21 is fetched into the image processor 30, and 
data on a first image under the dark field illumination is 
recorded. 

[0027] Next, the controller 33 moves the X-Y stage 7 
using the driving device 32 in such a way that the X-Y 
stage 7 is offset by a one-chip portion (a one-pitch por- 
tion of the pattern) in the direction in which the chips on 
the wafer 8 are arrayed. The amount of this movement 
can be easily determined on the basis of data on the 
size of the chip formed on the wafer 8. Subsequently, 
images of the wafer 8 illuminated by the illuminants 2 
and i 1 are respectively picked up by the CCD camera 
21 in the same way as described above, and data on 
second images under the bright field illumination and 
the dark field illumination are respectively fetched into 
and recorded in the image processor 30. After the data 
on the second images are fetched, the image processor 
30 performs image processing for defect detection by 
comparing the data on the first and second images. 
[0028] A description will be given of the defect detec- 
tion performed by the image processor 30. As a method 
of detecting a slight difference between repeated pat- 
terns, a method is known in which the difference 
between images of adjacent patterns is calculated (pat- 
tern matching method). However, the image obtained by 
picking up the overall wafer generates moire since the 
pixels of the CCD camera are coarse with respect to the 
patterns of the chips to be inspected. Since the actual 
pitch of the chips formed on the wafer is not an integer 
multiple of the pitch of the pixels of the CCD, the com- 
parison between the images of adjacent patterns based 
on the data of a single image causes the positional off- 
set between the pixels and the patterns of the adjacent 
chips. This results in a large amount of phantom defects 
under the inspection of the wafer with chips formed ther- 
eon even though the positional offset is small, since the 
patterns of the chips exhibit a large difference in lumi- 



nance and are fine. Furthermore, since the effective 
light-receiving area of the CCD camera is not 100% 
(there are gaps between the pixels), information on the 
luminance of the pattern from which the light was not 
received is lost. The phantom defects caused due to this 
factor cannot be eliminated even if normal averaging 
processing is effected, and it is impossible to accurately 
detect intrinsic defects. 

[0029] Accordingly, in order to eliminate the occur- 
rence of the phantom defect due to moire, this embodi- 
ment uses data on two images picked up from the wafer 
before and after the wafer is offset by a one-chip portion 
(a one-pitch portion of the pattern). This makes the rela- 
tionship of one pattern with respect to the pixels in coin- 
cident with the relationship of the other pattern (to be 
compared with the one pattern) with respect to the pix- 
els, to thereby detect the intrinsic defects. 
[0030] A description will be given of this detection 
method with reference to Figs. 2(a) to 2(e), which show, 
as an example, a case where the data on two images 
before and after movement under the bright field illumi- 
nation is used. 

[0031 ] Fig. 2(a) is a diagram schematically illustrating 
the positional relationship of patterns of two adjacent 
ships, i.e.. a chip 1 and a chip 2, with respect to the pix- 
els of the CCD camera before the movement of the 
wafer. Fig. 2(b) is a diagram illustrating a luminance sig- 
nal of the image data at that time. Figs. 2(c) and 2(d) 
respectively correspond to Figs. 2(a) and 2(b) but after 
the wafer is moved (the optical system side may be 
moved in place of the wafer side). Here, it is assumed 
that a defective pattern 50 is present in the pattern of 
the chip 1. The positional relationship of pixels with 
respect to the pattern of the chip 1 in Fig. 2(a) is identi- 
cal to the positional relationship of pixels with respect to 
the pattern of the chip 2 in Fig. 2(c) owing to the offset 
by a one-pitch portion of one chip. Accordingly, the 
same moire occurs in the image data of the pattern of 
the chip 1 in Fig. 2(b) and in the image data of the pat- 
tern of the chip 2 in Fig. 2(d). Hence, if these two image 
data are subjected to difference processing, the data 50* 
on the defective pattern 50 only remains as shown in 
Fig. 2(e). That is, it is possible to perform defect detec- 
tion that is free from the phantom defect due to moire. 
[0032] H should be noted that although the wafer is off- 
set by a one-chip portion in the foregoing description in 
order to make identical the positional relationships of 
the patterns of two chips, to be subjected to difference 
processing, with respect to the pixels, the wafer may be 
offset by an integer multiple of the repetition pitch. Fur- 
ther, even if the wafer is not moved wholly by the one- 
chip portion, the positional relationships of the patterns 
with respect to the pixels can be made identical by a 
minimum amount of movement determined upon con- 
sideration of how many pixels the pattern of one chip 
occupies (a rate of the number of pixels with respect to 
the pattern). For example, if the repetition pitch of one 
chip occupies to 20.5 pixels, the positional relationships 
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between the pixels and the patterns can be made iden- 
tical by a minute movement of a 0.5 pixel portion. In this 
case, the CCD camera 21 may be minutely moved (it is 
desirable that the effect of optical distortion is small) to 
make it possfole to simplify the moving mechanism. 5 
[0033] It is not essential that the wafer 8 is oriented 
and placed on the X-Y table 7 such that the direction in 
which the pixels of the CCD camera 21 are arrayed and 
the direction in which the chips formed on the wafer 8 
are arrayed necessarily coincide with each other. That 10 
is, it suffices if the image data from the CCD camera 21 
is processed to determine the movement amount and 
direction in which the positional relationships between 
the pixels and the patterns of the chips subject to differ- 
ence processing become identical, and if the wafer 8 is is 
moved on the basis of the determined amount and 
direction. 

[0034] Next, referring to Figs. 3(a), 3(b), 4, and 5, a 
description will be given of a method for specifying a 
pattern from patterns having repeatability in an arbitrary 20 
direction, which has the defect detected by pattern 
matching between patterns. 

[0035] It is now assumed that, as shown in Fig. 3(a), 
patterns having repeatability have defective patterns 
60a and 60b that are identical in configuration to each 25 
other (so that the defective patterns 60a and 60b can 
overlap with each other) and that are located continu- 
ously (adjacently), and defective patterns 61 , 62, and 63 
whose configurations are different (the defective pat- 
terns are shown schematically). These patterns are 30 
subjected to difference processing by using data on two 
images obtained before and after the wafer is offset by 
a one-ship portion as descrbed before. Definitions are 
so given that data of the n-th pattern among the same 
configurational patterns arrayed at arbitrary fixed inter- 35 
vals is represented by P(n), that data of the (n + 1)-th 
pattern is represented by P(n + 1), that differential data 
obtained by subjecting these two pattern data to differ- 
ence processing is represented by S(n) (n is an array- 
ment coordinate in which the arraymerrt interval is set 40 
as its unit), and that S(n) is calculated in accordance 
with the following Formula (Step-1 , Step-2): 

S(n) = P(n) - P(n + 1) Formula (1) 

45 

[0036] If the difference is calculated with respect to the 
image data P in Fig. 3(a) in accordance with Formula 
(1), defect data 70 to 75 are obtained as the differential 
data S in relation to the coordinate as shown in Fig 3(b). 
in accordance with Formula (1 ). the defect data 70 and so 
73 are "-" differential data, the defect data 71 , 7Z and 
75 are V differential data, and the defect data 74 is dif- 
ferentiaf data in which and "+" are present in mixed 
form. 

[0037] Here, assuming that K pieces of the same con- 55 
figurations defects can continue at most, only (K - 1) 
pieces of differential data, which are recognized as the 
non-defective data, can continue in the differential data 



S. In other words, if K pieces of non-defective data 
(whose signal level is less than a predetermined thresh- 
old signal level) continue in the differential data S, then 
it can be determined that the patterns in the image data 
P, which correspond respectively to those K-pieces of 
continuous non-defective data in terms of coordinates, 
are actually non-defective. Accordingly, a portion in 
which K pieces of non-defective data are continuously 
arrayed is searched from the differential data S, and the 
coordinates of the K-pieces of non-defective data thus 
searched are stored as the coordinates of the non- 
defective portion which are used set as a reference for a 
subsequent search (Step-3). In the example of Figs. 
3(a) and 3(b), if the K is set to be 2 (K = 2). a coordinate 
(i + 4) and a coordinate (i + 5) are obtained from the dif- 
ferential data S as the data on the non-defective portion. 
[0038] As for the value of the aforementioned K, it can 
be set experimentally in accordance with the type of an 
object to be inspected, a manufacturing process, or an 
ambient situation. For instance, in a case where flaws or 
dust on the wafer are to be inspected, the flaws or dust 
may be present continuously but cannot be practically 
considered as having the same configurations and 
being arrayed in a regular manner, so that it is practi- 
cally sufficient to set the value of the K to be 1 (K = 1). 
The value of the K may be set to be 2 or more to provide 
more reliable search. In a case of a resist which is 
applied to a wafer while rotating the wafer, the insuffi- 
cient amount of application results in defective portions 
on the periphery of the wafer to which the resist is not 
applied. Since the states of the defective portions of this 
type are completely the same, it is required to set the K 
to be a larger value in order to eliminate a possibility that 
such defective portions are erroneously determined as 
non-defective regions. Note that the setting of the 
extremely large value for the K for the purpose of strictly 
inspecting the configurations and degrees of exces- 
sively large defects does not provide a significant 
advantage in a practical use, and therefore the value for 
K should be determined experimentally in accordance 
with how the object is to be inspected. 
[0039] Next the differential data S are searched in the 
plus direction and the minus direction of the coordinates 
from the coordinates of the non-defective portion thus 
set as a reference. First, the search is conducted in the 
plus direction to obtain the coordinate of data whose 
signal level is larger than the predetermined signal level 
(Step-4). If data whose signal level is greater than the 
predetermined signal level is initially detected, this ini- 
tially detected differential data at the coordinate n 
clearly corresponds to a ghost caused due to a defec- 
tive pattern which is present in the image data P at the 
coordinate (n + 1), and therefore the defective data at 
the coordinate (n + 1) is given by inverting the sign of 
the thus detected differential data (Step-5. Step-6). The 
inversion of the sign of the differential data is required 
depending on the searching direction so as to correct 
the polarity of the detective data since the differential 
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data is obtained as a result of the difference processing. 
In the example of Figs. 3(a) and 3(b), the defective data 
73 is initially detected at the coordinate (i + 6), and 
therefore the defect 62 at the coordinate (i + 7) can be 
specified in the image data P by inverting the sign of the 
defective data 73. 

[0040] If this detection has been made, +1 is added to 
the previous coordinate n in the differential data S to 
provide the updated coordinate (n + 1) (Step-8), and the 
defective data at the updated coordinate (n + 1) in the 
image data P is subtracted from the differentia! data at 
the updated coordinate (n + 1) (Step-9). If the data 
obtained as a result of this processing is greater than 
the predetermined signal level, it can be determined 
that a defeat is present at the coordinate (the updated 
coordinate + 1 , i.e. n + 2) in the image data P (Step- 10). 
The defective data at the coordinate (the updated coor- 
dinate + 1) in the image data P is indicated by inverting 
the sign of the differential data obtained as a result of 
the processing in Step-9 (Sep-11). In the example of 
Figs. 3(a) and 3(b), the defective data 62 at the coordi- 
nate (i + 7) in the image data P is subtracted from the 
defective data 74 at the coordinate (i + 7) in the differen- 
tial data S, and the sign of data obtained as a result of 
this subtraction is inverted to specify the defect 63 at the 
coordinate (i + 8) in the image data P. The similar 
processing is thereafter repeated in the plus direction of 
the coordinates to obtain pure defective data in the 
i mage data P. 

[0041] After the search has been conducted com- 
pletely in the plus direction of the coordinates (Step-7), 
the previously stored coordinate of the non-defective 
portion is set as a starting point for a further subsequent 
search (Step- 12). That is, the search is conducted on 
the differential data in the minus direction of the coordi- 
nates to obtain a coordinate of data greater than the 
predetermined signal level (Step- 13). The differential 
data initially detected as being greater than the prede- 
termined level can be used as it is in order to specify the 
defective data at the same coordinate in the image data 
P (Step 14, Step-15) since the differential data is 
obtained through the difference processing in accord- 
ance with Formula (1). In the example of Fig. 3, the 
defective data 72 at the coordinate (i + 3) in the differen- 
tial data S is used as it is in order to specify the defect 
61 it the coordinate (i + 3) in the image data P. 
[0042] Subsequent to this initial detection, the search 
in the minus direction is continuously conducted (Step- 
16). That is, -1 is added to the previous coordinate n in 
the differential data S to provide an updated coordinate 
(n - 1 ) (Step-1 7), and the defective data at the previous 
coordinate n in the image data P is added to the differ- 
ential data at the updated coordinate (n - 1) (Step-1 8). K 
the data obtained as a result of this processing is 
greater then the predetermined signal level (Step-1 9), it 
can be determined that there is a defect at the updated 
coordinate (n-1) in the image data P, and the data 
obtained as the result of this processing is set as defec- 



tive data at the updated coordinate in the image data P 
(Sep-20). The similar processing is thereafter repeated 
in the minus direction of the coordinates to obtain all of 
accurate defective data. The defects arranged continu- 

5 ously or adjacently can also be specified. 

[0043] In the example of Figs. 3(a) and 3(b), the defect 
60b at the coordinate (i + 2) in the image data P can be 
specified by data obtained as a result of adding the 
defect 61 at the previous coordinate (i + 3) in the image 

io data P to the defective data 71 at the updated coordi- 
nate (i + 2) in the differential data S. Further, although 
the differential data S shows zero data at the coordinate 
(i + 1 ) as if there is no defect at the coordinate (i + 1 ) due 
to the difference processing of the same defects 60a 

15 and 60b, the processing according to the present inven- 
tion can specify the defect 60a at the coordinate (i + 1) 
in the image data P by adding the defect 60b at the 
coordinate (i + 2) in the image data P to the zero data at 
the coordinate (i + 1) in the differential data S. 

20 [0044] Incidentally, if the calculation of the difference 
processing described above is set as 

S(n) = P(n)-P(n-1) 

25 approaches as to the plus direction and the minus direc- 
tion in the flow charts in Figs. 4 and 5 become opposite. 
[0045] The image processor 30 performs the above- 
described processing of defect detection with respect to 
the image data obtained under the bright field illumina- 

30 tion and the dark field illumination, respectively. For 
example, the image data obtained under the bright field 
illumination are used to detect defects such as the defo- 
cusing of the chip patterns and faulty application of the 
resist, whereas the image data obtained under the dark 

35 field illumination are used to detect defects such as dust 
and flaws. 

[0046] Information obtained as a result of the defect 
detection by the image processor 30 is inputted to the 
controller 33. On the basis of this information, the con- 

40 trailer 33 judges the quality of the wafer. The controller 
33 controls the transporting device 35 so that the wafer, 
which has been judged as a potentially defective prod- 
uct, is returned to the carrier with a history of defect 
information imparted thereto, or stored in another dis- 

45 crete carrier. The wafer with the history of the defect 
information imparted thereto is further subjected to nec- 
essary processing such as confirmation by the operator. 

( Second Embodiment) 

50 

[0047] Referring to Figs. 6 to 8. a description wilt be 
given of a second embodiment of the present invention. 
Fig. 6 is a diagram illustrating the configuration of a 
defect inspecting apparatus in accordance with the sec- 
55 ond embodiment 

[0048] Reference numeral 101 denotes an illumination 
unit. i.e. an illuminating optical system, which includes a 
halogen lamp 102 as an illuminant, and diffusion plates 
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103 and 104. As for the diffusion plate 104 located at a 
light-outgoing end of the illumination unit 101, the size 
of its illuminating surface is determined (which will be 
described later) by taking into consideration the degree 
of potential warp of a wafer 107 (i.e., an object to be 
inspected), and the action of diffraction by the patterns 
which the wafer 107 has. The light from the halogen 
tamp 102 is diffused by the two diffusion plates 103 and 

104 to be converted into diffused illuminating light 
whose luminance is sufficiently uniform. The diffused 
illuminating light projected from the diffusion plate 104 is 
converted into substantially parallel rays of light by a 
collimator lens 105, and then applied to the wafer 107 
placed on an X-Y stage 106. 

[0049] Reference numeral 1 10 denotes a CCD cam- 
era, i.e. an imaging optical system, which includes a 
diaphragm 111, an image forming lens 112, and an 
image pick-up element 113. The optical axis of the 
imaging optical system 1 10 is arranged symmetrically to 
the optical axis of the illuminating optical system 101 
with respect to the optical axis of the collimator lens 
105. The regularly reflected light from the wafer 107 illu- 
minated by the illuminating optical system 101 is colli- 
mated by the collimator lens 105 and transmitted 
through the diaphragm 1 1 1 , so that an image of the sub- 
stantially entire surface of the wafer 107 is formed by 
the image forming lens 112 on the image pick-up ele- 
ment 113. The illuminating optical system 101 and the 
imaging optical system 110 may be aligned coaxially to 
each other with the use of a half mirror. 
[0050] Reference numeral 120 denotes an image 
processor which, after subjecting the video signal from 
the CCD camera 1 10 to predetermined processing such 
is A/D conversion and fetching the same, performs nec- 
essary preprocessing such as noise elimination and 
sensitivity correction of the image pick-up element 1 10, 
and then performs defect detection. Numeral 120a 
denotes a storage device provided in the image proces- 
sor 120. Numeral 121 denotes a display which displays 
the image fetched into the image processor 120. 
Numeral 122 denotes a driving device for driving the X- 
Y stage 106. and numeral 123 denotes a controller for 
controlling the overall defect inspecting apparatus. 
[0051 ] Next a description will be given of the determi- 
nation of the size of the diffusion plate 104. In a case 
where the color and brightness of a substantially flat 
workpiece (an object to be inspected) having a regular 
reflection characteristic are inspected (in the case of 
inspection under bright field illumination), imaging is 
normally effected using as a background a surface illu- 
minant which is slightly larger than an inspection area of 
the workpiece. However, in a case of a certain object, 
such as a wafer, which has very fine repeated patterns 
thereon, the use of the large surface illuminant causes 
the light diffraction that locally applies different colors to 
the picked-up image. 

[0052] To avoid the adverse effect by the light diffrac- 
tion on the picked-up image, it is conceivable to provide 



an arrangement in which a point illuminant is used, and 
the light from the point illuminat is condensed by a lens 
slightly larger than the workpiece for illumination. This 
arrangement makes it possible to pick up an image 

5 using the regularly reflected light alone, but still suffers 
from another problem. Some wafer surfaces in the fabri- 
cation process have slight warp (inclination), and such 
warp causes shading due to the phenomenon of a 
magic mirror. To prevent the shading, it is conceivable to 

w enlarge the aperture of the image forming lens, but if 
such arrangement is adopted, the place where the light 
passes through the image forming lens changes 
depending on the degree of warp, and the image-form- 
ing characteristic changes due to aberrations. 

15 [0053] Therefore, as described below, the size of the 
illuminating surface of the diffusion plate 104 is so set 
as to eliminate the adverse effect by the phenomenon of 
a magic mirror and the action of diffraction while paying 
attention to the degree of potential warp (inclination) 

20 which may exists in the workpiece. 

[0054] First, a description will be given of the size for 
avoiding the effect of the phenomenon of a magic mir- 
ror. It is now assumed that/ as schematically shown in 
Fig. 7 (in the drawing the refraction by the collimator 

25 lens 1 05 is omitted to facilitate understanding), the over- 
all workpiece W (object to be inspected) is to be imaged 
by the CCD camera having a diaphragm S with an aper- 
ture diameter D. If the workpiece W has no warp, and if 
the surface to be inspected is parallel with a reference 

30 plane, then only the light emitted from a region d1 of the 
diffusion illuminating surface M with respect to the illu- 
mination optical axis is regularly reflected by the 
inspected surface of the workpiece W to enter the dia- 
phragm S having the aperture diameter D, and the 

35 image pick-up element of the camera. Here, if the work- 
piece W is inclined by ±e with respect to the reference 
plane, the region of the light that is regularly reflected by 
the illuminating surface M and that is incident upon the 
diaphragm S changes to d2 and d3. 

40 [0055] Accordingly, in a case where a maximum incli- 
nation that potentially exists in the workpiece W is ±0, if 
the size of the illuminating surface M is set to be larger 
than a region D' which covers 62 and d3, and if the lumi- 
nance within this illuminating surface M is made suffi- 

45 ciently uniform, it is possible to avoid the phenomenon 
of a magic mirror causing the phantom shading (that is, 
it is possible to make substantially identical the quantity 
of regularly reflected tight incident upon the image pick- 
up element of the camera). That is. rf it is defined that A1 

so represents a total region of the possible illuminating sur- 
face where the diaphragm S can be optically projected 
with the workpiece surface be inclined up to the maxi- 
mum inclination potentially existing in aQ directions, the 
size of the diffusion illuminating surface is required to be 

55 larger than A1 . and the diffusion illuminating surface in 
that size is required to have sufficiently uniform lumi- 
nance. 

[0056] Next, a description will be given of the size for 
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avoiding the effect of diffracted light In the same way as 
in Fig. 7, it is assumed that the overall workpiece W is to 
be imaged by the CCD camera having the diaphragm S 
with the aperture diameter D, and that the workpiece W 
is inclined with respect to the reference plane, as shown 
in Fig. 8. Only the light emitted from a region d4 of the 
illuminating surface M is regularly reflected by the sur- 
face of the workpiece W to be incident upon the dia- 
phragm S. Assuming that a minimum angle of diffraction 
due to the patterns formed on the workpiece W is 62. 
the diffracted light cannot be incident upon the dia- 
phragm S. provided that the illuminating surface M is 
restricted to a region D" that is defined by a visual field 
angle (at which the illuminating surface is viewed from 
the workpiece W) smaller than the minimum diffraction 
angle 62 (the region D" may be enlarged to be less than 
262 in a case where the degree of warp of the work- 
piece is small). 

[0057] That is. if it is defined that A2 represents a max- 
imum region from which the light can be fitted so as not 
to cause any diffracted light by the patterns of the work- 
piece W to be incident upon the image forming lens 
even though the workpiece is inclined up to the maxi- 
mum inclination potentially existing in all directions, the 
size of the illuminating surface M is required to be 
smaller than A2 (in terms of a sufficient condition, it suf- 
fices if the angle of the aperture for illumination as 
viewed from the position of the workpiece W is made 
smaller than a minimum angle of diffraction). For exam- 
ple, in a case where an average pitch of the patterns on 
the workpiece W is 2 jim, and a shortest wavelength 
included in the illuminating light is 0.4 urn, the minimum 
diffraction angle 62 can be expressed as follows: 

62 = sin" 1 (0.4/2) = 11° 

[0058] In a practical use , the size of the aforemen- 
tioned region A2 can be set to have a certain allowable 
tolerance. That is. the effect of the diffracted light due to 
the patterns may remain to a certain degree as long as 
the quantity of the diffracted light falls within an allowa- 
ble and discriminative error range in measurement (i.e.. 
as long as the quantity of diffracted light caused due to 
the patterns and received by the image pick-up element 
does not exceed a predetermined rate with respect to 
the quantity of the entire light received by the image 
pick-up element), as in a case where the patterns on the 
workpiece W have a partially thick pitch. The certain 
allowable tolerance can be determined in design proce- 
dure taking into account the degree of the workpiece 
warp, detection sensitivity and so on. 
[0059] From the above, the effects of the phenomenon 
of a magic mirror and the action of diffraction can be 
eliminated if the size of the illuminating surface of the 
diffusion plate 104 is set to be larger than the region A1 
which is determined through the design of the optical 
arrangement and to be smaller than the region A2 which 
is determined on the basis of the patterns on the wafer 



107 and the wavelength of the illuminating light (sensi- 
tivity wavelength of the CCD camera), by taking into 
account the degree of warp (inclination) expected to 
potentially exist in the workpiece W. In a case where A1 

5 is greater than A2. it suffices if shorter wavelength com- 
ponents of the illuminating light are cut off. For example, 
a countermeasure can be taken by providing the illumi- 
nating optica] system or the imaging optical system with 
a filter for cutting off the shorter wavelength compo- 

70 nents. 

[0060] ft was confirmed by the present inventor that 
the satisfactory result in practical use was obtained 
when the inspection for a wafer with a diameter of about 
200 mm was conducted while taking into account about 

is 1° as the potential warp (angle of inclination). 

[0061] Next, a description will be given of the detec- 
tion of defects, such as flaws and dust by making use of 
regularly reflected light and of the size of the diffusion 
plate 104 for this purpose. 

20 [0062] In inspecting defects having a light dispersing 
characteristic such as flaws and dust under the bright 
field observation based on regularly reflected light, the 
loss of light as a consequence of the light dispersion is 
detected. If the size of the defect is greater than the res- 

25 olution of the imaging device, this defect can be easily 
ascertained through a large difference in the quantity of 
light in comparison with a non-defective portion. How- 
ever, if the size of the defect is smaller than the resolu- 
tion of the image pick-up element, the difference or 

so change in the quantity of light is also observed to be 
small. Further, if the quantity of light changes due to fac- 
tors other than the defect, it is impossible to detect the 
defect unless the defect provides a greater change than 
that caused by the other factors. This is the cause of 

35 lowering the sensitivity. Therefore, the detection of the 
defect, such as flaws and dust, using the regularly 
reflected light can be effected with high sensitivity by 
eliminating the adverse effect caused due to the other 
factors. The factors to be eliminated includes the phe- 

40 nomenon of a magic mirror caused by warp, diffracted 
light moire caused by patterns and differences in char- 
acteristics between pixels which the image pick-up ele- 
ment has. 

[0063] Furthermore, in the detection of defects using 
45 regularly reflected fight, it is ideal that the dispersed light 
is not incident on the surface dt the image pick-up ele- 
ment For this reason, the smaller the illuminating sur- 
face for emitting the diffused illuminating light with the 
higher sensitivity the defects can be detected (the larger 
so the size of the illuminating surface, the higher the rate at 
which the dispersed light is incident on the surface of 
the image pick-up element, and therefore the lower the 
detection sensitivity). For example, if the defect is a fin- 
ear flaw, the distribution of the dispersed light is in the 
55 form of a fan extending from the flow as its central axis. 
If illuminating light is applied to this defect from all the 
directions within 1 80°, the total quantity of the dispersed 
light incident upon the surface of the image pick-up ele- 
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ment is identical to that of the regularly reflected light, 
so that the loss of light due to the light dispersion is not 
detected. Assuming that the intensity distribution of the 
dispersed light due to a defect is uniform, the rate of 
light decrease can be expressed by a value obtained by s 
dividing, by 180°, an angle at which the illumination is 
viewed from the defect. The greater the rate of 
decrease, the better, but it is the quantity of decrease 
that is actually detected, and the quantities of decrease 
in the cases of the rates of decrease 1/10 and 1/co are w 
0.9 and 1 .0. the difference in detection sensitivity being 
only 10%. Accordingly, it is sufficient in a practical use 
that the rate of decrease is set to be about 1/1 0. That is, 
in the macroscopic inspection for a wafer, the sufficient 
defect detection can be achieved in practical use if the rs 
illuminating surface is set to such a size that an angle, at 
which the illuminating surface is viewed from the defect. 
In addition, since the actual intensity distribution of the 
dispersed light is generally not uniform, a smaller size 
than the same is desirable. 20 
[0064] In view of the above, defects having a light dis- 
persing characteristic such as flaws and dust can be 
detected with high sensitivity only by the regularly 
reflected light if the size of the illuminating surface of the 
diffusion plate 104 is set to such a minimum size as to 25 
eliminate the effect of the phenomenon of a magic mir- 
ror estimated from the aforementioned potential degree 
of the warp and if the angle of the illuminating surface as 
viewed from the defect is set as small as possible than 
a predetermined angle (which is determined in relation 30 
to inspection accuracy). 

[0065] Next, a description will be given of the opera- 
tion of defect inspection for a water 1 07 having repeated 
patterns. The water 107 placed on the X-Y stage 106 is 
illuminated by the diffusion illuminating light emitted 35 
from the illumination unit 101 . Under this illumination, an 
image is picked up by the CCD camera 1 10 on the basis 
of the regularly reflected light reflected from the water 
107. Since the illuminating surface of the diffusion plate 
104 has the size determined in the above-described 40 
manner, the CCD camera 110 is able to obtain the 
image which is free of a change In the imaging condi- 
tions due to the warp of the wafer 107. The video signal 
from the CCD camera 110 is fetched into the image 
processor 1 20, and data on a first image is stored. 45 
[0066] After the data on the first image is stored, the 
controller 123 connected to the image processor 120 
controls the driving device 122 to move the X-Y stage 
106 in such a way that the wafer 107 is offset by a one- 
chip portion (or an integer multiple portion of the pat- so 
tern) in the arraying direction of the chp patterns formed 
on the wafer 107. The arraying direction in which the 
chip patterns are arrayed can be obtained by process- 
ing the image data received from the CCD camera 1 10. 
and the X-Y stage 106 is moved on the basis of the ss 
arraying direction thus obtained and data on the pattern 
pitch. The video signal indicative of the wafer 107 after 
the movement is fetched into the image processor 120, 



and data on a second image is stored The image proc- 
essor 120 effects defect detection according to the 
method described in connection to the first embodiment 
by comparing the data on the two images stored 
therein. 

[0067] In accordance with the above-described 
method of detecting a defect in an object to be 
inspected having repeated patterns, even if the patterns 
of the object to be inspected are fine, identical images 
can be obtained when the same patterns are present at 
the same positioa This eliminates the need of a high 
resolution image picting-up means as well as a high- 
sped and expensive image processor for processing the 
high resolution image. Therefore, the overall system can 
be made inexpensive. 

[0068] In the defect inspection using the aforemen- 
tioned diffusion illumnating system in which the size of 
the diffusion plate 104 is made sufficiently small while 
securing the aforementioned region A1 by taking into 
account the degree of warp estimated to potensially 
exist in the object to be inspected, the defects such as 
flaws and dust can be detected with high sensitivity. 
That is, the defects are detected as black dots on the 
image picked-up by the CCD camera 1 1 0 based only on 
the regularly reflected light under diffused illumination 
(since the regularly reflected light from flaws and dust 
having the light dispersing characteristic is attenuated 
substantially, such light is detected with high sensitivity 
as black defects or dots). For this reason, it is unneces- 
sary to effect dark field observation using a spot illumi- 
nating system. That is, the necessary inspection can be 
achieved by the diffusion illuminating system alone. 
[0069] The defect detection or inspection for an object 
having patterns is not limited to comparing images of 
adjacent patterns (effecting difference processing) in 
one workpiece. An image obtained by imaging a stand- 
ard workpiece having no defect may be preliminary 
stored in the storage device 120a of the image proces- 
sor 120 (in the form of raw image data or image data 
obtained by subjecting the raw image data to process- 
ing), and defect detection may be effected by comparing 
that image with the image of the workpiece to be 
inspected. In storing the image data of the workpiece, 
the X-Y stage 106 on which the workpiece is mounted is 
aligned by controlling its movement such that the posi- 
tional relationship between the wafer 107 and the pixels 
of the CCD camera 110 becomes identical with the 
positional relationship of the imaged standard work- 
piece stored in the storage device 120a. To effect this 
alignment, the information for movement can be deter- 
mined by image-processing the image data obtained 
from the CCD camera 110 with respect to the image 
data of the standard workpiece. Even in the case where 
a comparison is made with the standard workpiece, it is 
possible to perform defect inspection in which the effect 
of moire is eliminated, and since it is sufficient to obtain 
data on a single image with respect to the workpiece to 
be inspected, the throughput of inspection can be 
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speeded up. 

[0070] Furthermore, it is convenient to take the follow- 
ing procedure in a case where a large number of work- 
pieces having identical patterns formed thereon are 
accommodated in a single carrier and consecutively 
subjected to inspection as in the cases of semiconduc- 
tor wafers. First defect inspection is performed with 
respect to a certain workpiece by obtaining image data 
before and after its movement, and if that worhpiece is 1 . 
judged to be non-defective, the image data of that work- w 
piece is stored as the image data of a standard work- 
piece. Subsequently, a comparison is made between 
images of the thus stored standard workpiece and the 
workpiece to be inspected so as to perform defect 
detection in the same way as described above. This is 
method can make the inspection further automated by 
detecting when the lot of workpieces having identical 
patterns is chagned to another lot (for example, it suf- 
fices to detect when the carrier is changed to another 
carrier), and by determining whether image data of a 20 
now standard workpiece is necessary on the basis of 
that detection. 

[0071 ] As for an object which does not have repeated 
patterns (lor example, a wafer before formation of the 
patterns thereon), defects such as flaw end dust can be 25 
detected from a single image. However, if a difference in 
characteristics between the pixels of the image pick-up 
element of the CCD camera causes phantom defects 
which adversely affects the detection sensitivity, the fol- 
lowing procedures can be taken. Namely, comparison 30 
processing (difference processing) is effected between 
data on two images obtained before and after the move- 
ment an amount of which is an integer multiple of the 
pixels of the image pick-up element Alternatively, com- 
parison processing is effected between non-defective 35 
standard image data preliminarily stored, and the image 2. 
data obtained from the object to be inspected. These 
procedures make it possible to inspect the defects with 
high sensitivity without being affected by the difference 
in characteristics between the pixels. *o 
[0072] As described above, in accordance with the 
present invention, it is possible to eliminate the phantom 3. 
defects which may be caused due to the warp of the 
object to be inspected, diffraction based on the patterns 
and the moire. Even in the case where defects are 45 
present continuously or the same defects are present, it 
is possible to specify defective portions efficiently and 
correctly. Therefore, stable and highly reliable inspec- 4. 
tion can be achieved. Furthermore. 6ince the macro- 
scopic inspection can be automated, it is possible to so 
stabilize the product and reduce the load for inspection. 
[0073] Since it is sufficient to image the overall object 
using the regularly reflected fight only (only by the bright 
field observation), high-speed inspection can be 
achieved without making the inspecting mechanism 55 5. 
complicated. 

[0074] In the case where the image of a non-defective 
object is used as a standard image, it is sufficient to 



capture only one image from a subsequent object to be 
inspected, and to perform the difference processing 
only once. Therefore, the inspection can be performed 
more efficiently, thereby improving the substantial 
throughput. 



An apparatus for inspecting a defect on an object 
having repeated patterns on the basis of compari- 
son between a pattern at a first position on the 
object and another pattern at a second position on 
the object said apparatus comprising: 

an imaging optical system having an image 
pick-up element for obtaining an image of sub- 
stantiaDy overall surface or a divided surface of 
the object to be inspected; 
moving means for relatively moving the object 
with respect to the imaging optical system; 
movement controlling means for controlling 
said moving means so that a positional rela- 
tionship of said pattern at said first position with 
respect to pixels of said image pick-up element 
before movement is substantially identical to a 
positional relationship of said pattern at said 
second position with respect to pixels of said 
image pick-up element after said movement; 
and 

defect detecting means for detecting a defect 
on the basis of comparison between at least 
two image data obtained by said image pick-up 
element before and after said movement con- 
trolled by said movement controlling means. 

The apparatus according to claim 1 , wherein said 
movement controlling means controls said moving 
means to provide said movement of an amount 
which is an integer multiple of a pitch def ined in said 
repeated patterns. 

The apparatus according to claim 1. wherein said 
movement controlling moans controls said moving 
means on the basis of the number of said pixels 
with respect to a pitch defined in said repeated pat- 
terns. 

The apparatus according to claim 1, wherein said 
defect detecting means subjects said pattern at 
said first position before said movement and said 
pattern at said second position after said movement 
to a difference processing on the basis of said two 
image data, thereby detecting said defect 

The apparatus according to claim 1 , further com- 
prising: 

an illumination optical system for illuminating 
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said object with substantially parallel rays of 
light, said illumination optical system including: 

a bright field observation optical system 
arranged to provide regularly reflected light s 
from said object to said imaging optical 
system; and 

a dark field observation optical system 
arranged to provide dispersed reflected 
light from said object to said imaging opti- jo 
cal system. 

6. The apparatus according to claim 1, further com- 
prising: 

15 

an illumination optical system for emitting dif- 
fused light having substantially uniform lumi- 
nance from a illuminating surface to illuminate 
said object, said illuminating surface having a 
size determined on the basis of degree of 20 
potential warp estimated to exist in said surface 
of said object to be inspected, 
wherein said image pick-up element obtains 
said image of said object on the basis of light 
regularly reflected from said object under illu- 25 
mination of said diffused light emitted by said 
illumination optical system. 

7. The apparatus according to daim 6. wherein said 
size of said illuminating surface is selected so that a 30 
visual field angle formed when said illuminating sur- 
face is viewed from said object is smaller than a 
minimum diffraction angle caused due to said pat- 
terns. 

. 35 

8. The apparatus according to claim 6, wherein said 
size of said illuminating surface is selected so that 
the quantity of diffracted light caused due to said 
patterns and received by said image pick-up ele- 
ment falls within a predetermined rate with respect 40 
to the quantity of regularly reflected light received 

by said image pick-up element 

9. The apparatus according to claim 6, wherein said 
size of laid illuminating surface is selected so that 45 
the quantity of regularly reflected light incident upon 
the image pick-up element is made substantially 
identical regardless of the presence of warp esti- 
mated to potentially exist in the object. 

so 

10. The apparatus according to daim 6. wherein said 
size of said illuminating surface is selected so that a 
visual field angle formed when said illuminating sur- 
face is viewed from said object is smaller than a 
predetermined angle to detect a defect having light ss 
dispersing characteristic on the basis of regularly 
reflected light from said object 



11. The apparatus according to claim 6, wherein said 
illumination optical system indudes a convex lens 
for converting diffracted light from the illuminating 
surface into substantially parallel rays of light or into 
converging rays of light 

12. The apparatus according to claim 6, wherein said 
imaging optical system includes a convex lens for 
converting reflected light from the object into sub- 
stantially parallel rays of light or into converging 
rays of light. 

1 3. The apparatus according to claim 6. wherein a con- 
vex lens for converting diffracted light from the illu- 
minating surface into substantially parallel rays of 
light and converting reflected light from the object 
into converging rays of light is arranged on a com- 
mon optical path between said illumination optical 
system and said imaging optical system. 

14. The apparatus according to claim 1, wherein said 
defect detecting means includes: 

first defect detecting means for detecting a 
defect on an object to be inspected on the 
basis of two image data obtained before and 
after the movement by said moving means; 
storing means for storing, as a standard image, 
image data of an object that is judged to be 
non-defective by said first defect detecting 
means; and 

second defect detecting means for detecting a 
defect on another object on the basis of com- 
parison between image data that is obtained 
from the other object positioned so that pat- 
terns to be picked up establish a predeter- 
mined positional relationship with respect to 
said imaging optical system, and image data of 
said standard image stored in said storing 
means. 

15. The apparatus according to claim 1, wherein said 
defect detecting means indudes; 

a memory storing a program for executing 
defect detection on an object to be inspected; 
and 

processing means for executing defect detec- 
tion on an object to be inspected in accordace 
with said program, said program comprising: 
a first step of obtaining differential data S(n) by 
subjecting the pattern P(n) at said first position 
and the adjacent pattern P(n + m) at the sec- 
ond position to difference processing where n 
is 1, 2, 3. ... that is an arraying coordinate in 
which an arraying interval is set as an unit, and 
m is 1 or -1 ; 

a second step of setting a value of K that is the 
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number of pieces of patterns in which the sub- 
stantially same defects can continue at most in 
the object; 

a third step of detecting, from the differential 
data S(n) obtained by said first step, K pieces s 
or more pieces of non-defective continuous 
patterns; and 

a fourth step of specifying a defect on the pat- 
tern P(n) on the basis of comparison between 
the differential data S(n), the pattern P(n) and 10 
the pattern P(n + m) using, as a reference, the 
K pieces or more pieces of the non-defective 
continuous patterns detected by said third step. 



adding -1 to the coordinate of differential data 
S(n) to provide an updated coordinate, and 
adding specified defective data at the previous 
coordinate to differential data S(n) at the 
updated coordinate, thereby consecutively 
specifying defective data in the minus direction 
using the non-defective continuous patters as a 
reference. 



16. The apparatus according to claim 15, wherein said is 
fourth step includes: 

specifying a defect on the pattern P(n) on the 
basis of defective data of the differential data 
S(n) initially obtained through search in a plus zo 
or a minus direction from coordinates of the 
non-defective continuous patterns detected by 
said third step, said search being conducted 
using the non-defective continuous patterns 
detected by said third step as a reference; and 25 
consecutively specifying a defect on the pat- 
tern P(n) by addition or subtraction of specified 
defective data of the pattern P(n) and differen- 
tial data S(n). 

30 

17. The method according to claim 15, wherein if the 
differential data S(n) in the first step is defined as 
S(n) = P(n)-P(n + 1), then the fourth step 
includes; 

35 

specifying defective data of the pattern P(n + 1 ) 
by inverting defective data in differential data 
S(n) that is initially detected through search in a 
plus direction of coordinates using the K pieces 
or more pieces of non-defective continuous 40 
patterns detected by said third step as a refer- 
ence; 

adding +1 to the coordinate of differential data 
S(n) to provide an updated coordinate, and 
subtracting specified defective data at the 45 
updated coordinate from differential data S(n) 
at the updated coordinate and inverting sub- 
tracted result, thereby consecutively specifying 
defective data in the plus direction using the 
non-defective continuous patters as a refer- so 
ence; 

specifying defective data of the pattern P(n) by 
using defective data in differential data S(n) 
that is initially detected through search in a 
minus direction of coordinates using the K 55 
pieces or more pieces of non-defective contin- 
uous patterns detected by said third step as a 
reference; and 
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